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Clinical Applications of Diffusion Weighted Imaging in Breast MRI
IVIM/diffusion MRI of the breast: Potential and challenges
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({#®&) Clinical Applications of Diffusion Weighted Imaging in Breast MRI
IVIM/diffusion MRI of the breast: Potential and challenges
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Water diffusion usually decreases in malignant tissues, and body diffusion MRI which does not use ionizing
radiation and does not require any tracer injection is rapidly becoming a modality of choice to detect, characterize
or even stage malignant lesions, especially for breast cancer. There is a growing interest of the use of diffusion MRI
for differentiation of malignant and benign tumors, the monitoring of disease progression or response to therapy.
Quantitatively, the basic water Apparent Diffusion Coefficient (ADC) which has been widely used in clinical
practice correlates with tumor cellularity both in humans and animal models. There seems to be also a correlation
between ADC values and tumor grade. However, cell density is not the only histological indicator which sets tumor
grade. Necrotic or cystic tumor components, which show high ADC, could reduce the association between ADC
and cell density.

Non-Gaussian diffusion effects, reflecting the interaction of water molecules with tissue elements, such as cell
membranes, is better seen with more sophisticated models to reveal more precisely pathologic or physiologic
conditions encountered in tissues. A variety of models have been proposed to handle this non-Gaussian behavior
and new parameters have emerged beyond the ADC, such as the “kurtosis”, a key parameter to further characterize
tissues and lesions.

Diffusion MRI also provides information on tissue perfusion without the need to use tracer or contrast agents
through the IVIM (IntraVoxel Incoherent Motion) effect, considering that blood microcirculation in randomly
oriented capillaries mimics a diffusion process. Still, in order for IVIM/diffusion MRI to go one step further and
become an established biomarker in oncology, especially for drug development, several issues remain to be
addressed, notably about the standardization of the acquisition protocols (in particular choice of b values and
diffusion times, image acquisition protocols, fat suppression methods, as the very low diffusion coefficient of fat
may mimic low ADC lesions, models used for data processing, patient populations).

In the future, statistical methods taking into account diffusion MRI parameters together with other biological
data, such as genomic signatures, might also give clues on the risk of tumor recurrence and response to therapy for
each individual patient. However, investigations on the relationship between the [IVIM/diffusion parameters and the
underlying tissue structure at microscopic level, as well as changes induced by therapy, must be pursued using
animal models, MRI of specimens at ultra-high resolution and validation with histology. Reliability and
reproducibility of diffusion MRI results must also be assessed to facilitate monitoring disease progression or
response to therapy in individual patients.
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